finding has in many ways been as surprising as those described among the luminizers. It may be that when the target cell is the lymphocyte, and there are indications that the half-life of these cells is much longer than had hitherto been imagined (Buckton et al., 1962; Norman et al., 1965; Court Brown et al., 1965b) , then further thought has to be given to the correctness of the classical concepts of the repair of chromosome breaks in regard both to the time that breaks can remain unrestituted and to the time in the cell cycle when restitution occurs.
Summary
Chromosomes were studied in cell cultures of blood from former female dial-painters containing radium ranging from non-measurable activities to 0.56 microcurie of radium-226. Incidence of structurally abnormal chromosomes was higher than that found among a random sample of females without luminizing experience. The study also demonstrated a consistent gradient of increasing structural abnormality with increase in the body content of radium.
Abnormalities in standard hepatic function tests may sometimes be valuable in directing attention to the liver and biliary tract in patients with unexplained pyrexia. Biochemical findings may be misleading in such patients, however, for jaundice can complicate a variety of infections, such as pneumonia (Garvin, 1836 ; Zimmerman and Thomas, 1950) , typhoid fever (Stuart and Pullen, 1946) , or scarlet fever (Fishbein, 1962) ; and in infants with severe infections of the urinary tract marked intrahepatic biliary retention has also been described (Bernstein and Brown, 1962; Hamilton and Sass-Kortsak, 1963) . Furthermore, impaired bromsulphalein (B.S.P.) excretion by the liver has frequently been recorded in patients with extrahepatic infections (Machella, 1947; Bradley and Conan, 1947; Hicks et al., 1948) . This paper describes the clinical and biochemical findings in six patients who presented with pyrexia of unknown origin and who later were found to be suffering from extrahepatic bacterial infections such as subacute bacterial endocarditis or perirenal abscess. None of these patients was jaundiced, yet there were profound biochemical disturbances of the liverfunction tests, involving impairment of B.S.P. excretion, elevation of serum alkaline phosphatase and 5-nucleotidase, and abnormalities of other enzymes. The results in these patients are compared with those in four other patients in whom there was infection within the liver itself ; three of them had liver abscesses and the fourth was suffering from portal pyelophlebitis. In these four patients similar abnormalities were demonstrated in the liver-function tests, but, in addition, the serum vitamin-B12 concentrations were markedly elevated, in contrast to the normal levels found in the patients with extrahepatic infection.
Materials and Methods
Biochemical methods were those described by Wootton (1964).
Serum vitamin-B12 concentrations were assayed with the Z strain of Euglena gracilis (Hutner et al., 1956) . The normal range with this method is from 140 to 960 tjujg./ml.
Liver biopsies were performed with a Menghini needle.
Patients with Extrahepatic Infection
In the six patients with extrahepatic infection abnormalities in the liver-function tests, recorded during the initial phase of investigation and before a diagnosis had been made, erroneously suggested that the source of the infection might lie in the liver or biliary tract. The clinical features, biochemical findings, and response to treatment in these patients are described here, together with illustrative case reports.
Clinical Features
The clinical features of these patients are summarized in Table I . All presented with symptoms of vague ill-health and four had had recognizable episodes of fever. The duration of symptoms had varied from two or three weeks to six months. Initial clinical examination did not reveal the diagnosis. Splenomegaly was present in three patients, but the liver was neither palpable nor tender.
The temperature and erythrocyte sedimentation rate (E.S.R.) were raised in all patients, but only two (Cases 4 and 6) had a neutrophil leucocytosis. One patient (Case 4) had a marked normochromic anaemia (Hb 7.1 g./100 ml.), but the other five patients had haemoglobin levels close to the lower limit of normal (11.1 to 12.2 g./100 ml.). Blood cultures were found to be positive in four of the patients (Cases 1, 2, 3, and 5), though persistently negative in the other two.
Further clinical and radiological studies established the diagnosis. Two patients (Cases 1 and 2) with positive blood cultures developed cardiac murmurs while under observation, leading to a diagnosis of subacute bacterial endocarditis (S.B.E.). One patient (Case 3) had a Streptococcus viridans septicaemia due to an abscess within the substance of the right kidney. Another (Case 4) had developed a large perirenal abscess around the left kidney which had previously been damaged by extensive tuberculous infection. The fifth patient had suffered from episodes of fever for as long as five months. Extensive investigations elsewhere had failed to establish the diagnosis, but after admission a single blood culture produced a profuse growth of Escherichia coli. Subsequent investigation of the gastrointestinal tract for a possible source of infection revealed an annular stricture of the transverse colon which was found at laparotomy to be an Adenocarcinoma, without evidence of either local spread or metastasis to the liver. The final patient (Case 6) had a persistent pyrexia following a gynaecological operation and was suffering from postoperative pelvic sepsis.
Hepatic Function Studies and Liver Biopsy in, Extrahepatic Infection
The hepatic function studies in the six patients are summarized in Table II Kupffer cells and some infiltration of the portal tracts with inflammatory cells (Fig. 1) . A portion of the liver biopsy specimen was cultured in three patients (Cases 2, 5, and 6, Table I ), but the cultures were sterile. Buxrrou MEDICAL JOURNAL levels and B.S.P. retention returned to normal (Table III and Fig. 2 ). There was a similar response to antibiotics in three other patients (Cases 3, 4, and 5, Table II Responses to Treatment
The responses to treatment with antibiotics are summarized in Table III This patient had been unwell for three weeks. Her illness started with an attack of shivering, followed by generalized aches and pains. During the three days before admission to hospital she had suffered from increasing headache.
On examination in hospital she was pyrexial (100.80 F.; 38.2°C .) and looked pale and ill. There was no obvious abnormality in the cardiovascular system at this stage apart from a soft mid-systolic murmur heard at the cardiac apex. The tip of the spleen was just palpable.
Investigations.-Hb 11.1 g./100 ml.; W.B.C. 4,000/c.mm. (81% polymorphonuclear neutrophils); E.S.R. 72 mm./hr. (Westergren); serum albumin 3.1 g., globulin 4.0 g./100 ml.; bilirubin 0.4 mg./ 100 ml.; alkaline phosphatase 52 K.A.U./100 ml.; 5-nucleotidase 21 I.U./ml.; thymol turbidity 5 units; zinc sulphate 4 units; S.G.O.T. 30 I.U./ml., S.G.P.T. 12 I.U./ml.; B.S.P. retention 19%1 at 45 minutes; C.S.F. clear fluid under normal pressure, protein 90 mg./100 ml., sugar 58 mg./100 ml., no cells seen, sterile on culture. Serum B12 concentration 280 'ppg./ml.
Because of the elevated alkaline phosphatase and 5-nucleotidase levels, together with the abnormalities in the serum transaminases and B.S.P. retention, it was suspected-that some infiltrative lesion of the liver, possibly a reticulosis, might be causing the fever. A liver biopsy was therefore performed, and this showed non-specific reactive hepatitis.
Nine days after the patient's admission to hospital the eleventh blood culture produced a small Gram-negative organism, which was subsequently identified as Haemophilus parainfluenzae. By this time the apical systolic murmur had increased in intensity and a diagnosis of subacute bacterial endocarditis involving the mitral valve was made. Apart from a transient left-upper-luinb monoparesis due to a cerebral embolus, the patient made a good recovery after treatment with penicillin and streptomycin. The hepatic function tests simultaneously returned to normal (Fig. 2) .
Case 3. Renal Abscess with Non-specific Reactive
Hepatitis
Six weeks before admission this patient had an attack of pain in the right side of the abdomen radiating to the back. The pain persisted for a few days, and then subsided. Four weeks later she developed general malaise and headache, and within a few hour's had a rigor. During the next 10 days she had persistent fever, anorexia, and occasional attacks of vomiting. She was then admitted to hospital.
On examination she looked ill and had a temperature of 1010 F. (38.30 C.). There was slight tenderness in the right side of the abdomen but there was no other clinical abnormality. In view of the previous attack of abdominal pain the initial diagnosis was cholecystitis.
Investigations.-Hb 11.9 g./100 ml.; W.B.C. 4,000/c.mm. (49% polymorphonuclear neutrophils); E.S.R. 35 mm./hr. (Westergren); blood urea 32 mg./100 ml.; serum albumin 2.8 g., globulin 4.5 g./ 100 ml.; bilirubtn 0.3 mg./100 ml.; alkaline phosphatase 22 K.A.U./100 mi.; thymol turbidity 2 units; zinc sulphate 5 units; S.G.O.T. 26 IAJ./ml., S.G.P.T. 45 I.U./ml. Urine, contained no casts, only occasional red and white cells, and no albumin; it was sterile on culture. Blood cultures were then found to be positive, Str. viridans being grown on two separate occasions.
In view of the abnormalities in the liver-function tests (elevated alkaline phosphatase and abnormal transaminases) the initial diagnosis of, biliary tract disease seemed likely, but cholecystography was normal. Liver biopsy was therefore performed, and this showed a non-specific reactive hepatitis. One week later the right kidney was found to be palpable and tender. An intravenous pyelogram revealed a large filling defect in the right renal cortex. After antibiotic treatment there was spontaneous discharge of pus and blood from the kidney into the renal pelvis, causing transient pyuria and haematuria. A further pyelogram after treatment was normal, indicating that the lesion previously demonstrated was probably an abscess within the kidney substance. The abnormalities in the liverfunction tests returned to normal during treatment with antibiotics (Fig. 3) .
Patients with Intrahepatic Infection
The four patients with intrahepatic infection also presented with fever of uncertain origin, and routine liver-function tests showed similar abnormalities. In contrast to the previous group, however, the serum B 2 concentrations were markedly elevated. In the first two patients the elevated serum B1. concentrations were recorded after the diagnosis had been made; in the other two the demonstration of a high serum B15 was of value in indicating the correct diagnosis.
Clinical Features
The clinical presentation and physical findings in the four patients with intrahepatic infection are summarized in Table  IV . As in the previous group, the patients -presented with symptoms of vague ill-health, fever, and rigors for periods varying between four weeks and nine years. In hospital all the patients had persistent pyrexia, ranging from 99.2 to 104.40 F. (37.3 to 40.20 C.), for which no cause could be found.
Physical examination was remarkably unhelpful. In the first patient, a South African holidaying 'in England, the liver was palpable 3 cm. below the right costal margin but there was no tenderness even on heavy percussion. The second patient was a Nigerian medical student; the liver was not palpable, and there was only slight tenderness on very heavy percussion over the right lower thorax. The third patient had undergone partial gastrectomy one year earlier;-he was a pale, il-looking man and had had periodic rigors, but the only abnormal physical sign was a palpable non-tender left lobe of the liver. The last patient was admitted to hospital with four weeks' history of fever. Two months previously she had had an episode of abdominal pain suggestive of appendicitis. Palpation of the right iliac fossa revealed an ill-defined non-tender mass which was thought to be a resolving appendix abscess. The liver was not palpable, but the spleen was just felt in deep inspiration.
Haematological and Biochemical Findings
Further investigation revealed haematological and biochemical abnormalities in all four patients (Tables IV and V) . Three (Cases 7, 9, and 10) were anaemic; in all four there was a polymorphonuclear leucocytosis and the E.S.R. was invariably raised. Blood cultures, however, were repeatedly sterile.
Hepatic function studies demonstrated a slightly elevated serum bilirubin (1.5 mg./100 ml.) in only one patient (Case 8). The alkaline phosphatase was raised to between 18 and 47 K.A.U./100 ml. in Cases 8, 9, and 10, but was normal in Case 7,  in whom a large intrahepatic abscess was ultimately discovered. There was increased B.S.P. retention in the two patients in whom studies were carried out (25 and 30% retention at 45 minutes). Transaminase levels were only slightly increased (Table V) . Plasma proteins were abnormal in the three patients in whom they were measured, the albumin concentration being The most striking abnormality in these patients, however, was the serum B,, concentration. In all four the levels were increased, and this increase was particularly marked in Cases 7 and,9, levels of 3,340 and 2,230 1qjtg./ml. being recorded.
Diagnosis and Response to Treatment
The diagnosis and response to treatment in the four patients are summarized in Table VI The diagnosis in all four patients was initially uncertain, and search for a possible focus of infection to explain the continued pyrexia was at first unrewarding. During investigation, however, liver biopsy was performed in all these patients, and in two (Cases 7 and 8) this gave the correct diagnosis, since pus was aspirated. In the other two patients (Cases 9 and 10) histological examination of the biopsy specimen showed marked polymorph infiltration of portal tracts and sinusoids, and the diagnosis of intrahepatic infection was suggested by the markedly elevated serum B2 concentrations.
The initial diagnostic uncertainty and the value of the serum B 12 concentration in the diagnosis of intrahepatic abscess is illustrated by the following case report.
Case 9. Subphrenic and Hepatic Abscess Following Partial Gastrectomy A man aged 47 became unwell with generalized malaise and intermittent fever. On his admission to hospital no abnormality was detected on clinical examination. Blood count showed a mild polymorphonuclear leucocytosis (W.B.C. 10,000-13,000/c.mm.). The patient did not improve after treatment with antibiotics and he was transferred to Hammersmith Hospital for further investigation. One year previously he had had a partial gastrectomy for a duodenal ulcer, after which he had recovered slowly, the post-operative course being marred by two weeks' unexplained fever.
On admission to Hammersmith Hospital he was pale and illlooking with a temperature varying between 100.2 and 103.40 F.
(37.9 and 39.70 C.). The liver and spleen were not palpable.
Investigations.-Hb 10.0 g./100 ml.; W.B.C. 25,000/c.mm. (81% polymorphonuclear leucocytes) ; E.S.R. 127 mm./hr.; bili- MEDIcL JOURNAL rubin 0.6 mg./100 ml.; alkaline phosphatase 47 K.A.U./100 ml.; S.G.O.T. 37 L.U., S.G.P.T. 22 I.U./ml.; B.S.P. clearance 30% retention at 45 minutes; albumin 2.4 g., globulin 5.3 g./100 ml.
Direct examination and culture of urine and stool revealed no pathogenic organisms. Agglutination tests were normal and repeated blood cultures were sterile. Straight x-ray films of chest and abdomen and intravenous pyelogriphy were normal. Serum B12 concentration, however, was now found to be markedly elevated, at 2,230 ppg./ml. This observation, together with the leucocytosis, suggested the diagnosis of intrahepatic sepsis, and a liver biopsy was therefore performed. No pus was aspirated, but the histological section showed a normal liver-cell architecture with an infiltration of lymphocytes, plasma cells, and polymorphs. Since these findings suggested the possibility of a liver abscess, laparotomy was advised. An abscess was found in the posterior part of the left lobe of the liver, continuous with the left subphrenic space. This was drained, and treatment with antibiotics led to complete recovery. During treatment the serum B12 concentration and other hepatic function tests returned to normal.
Responses to Treatment
All four patients with intrahepatic infection recovered completely when treated with chloroquine (Case 8), antibiotics (Cases 9 and 10), or both (Case 7). The elevated serum B,2 levels fell to normal during treatment, usually within two to three weeks (Fig. 4 ).
Discussion
The observations described in this paper demonstrate that infection, whether intrahepatic or extrahepatic, can cause transient changes in both liver histology and function without causing jaundice. Though the abnormalities in the liverfunction tests were similar in the two groups of patients, the serum B,2 concentrations were strikingly different. The B,2 levels were markedly elevated in the patient with intrahepatic sepsis but normal in those with infection elsewhere in the body.
As already stated, jaundice has often been described in association with a variety of bacterial infections unrelated to the liver, but, with the exception of defects in B.S.P. excretion, other abnormalities of the liver-function tests have not previously been described. None of our patients with extrahepatic infection was jaundiced, but the liver-function tests were markedly abnormal. The increase in serum globulins found in all patients reflects the response of the reticuloendothelial system to infection, while the subnormal albumin levels may be due' to a reduction of hepatic albumin synthesis. However, the main defect in liver function appears to involve predominantly its excretory function, for there was often a marked elevation of the serum alkaline phosphatase and 5-nucleotidase levels in addition to increased retention of B.S.P.
Other enzymes were usually only slightly abnormal (Table II) plasia was marked and in some instances there was extensive cellular infiltration around the portal tracts (Fig. 1) . It has been suggested that the Kupffer-cell hyperplasia in response to infection may lead to obstruction of the lumina of the sinusoids (Popper and Schaffner, 1957) , which could explain the defect in hepatic excretory function demonstrated in our patients. The change in the liver biopsies in these patients was less pronounced than that previously described in patients dying of bacterial infection, often with jaundice, in the pre-antibiotic era (Rich, 1930; Klemperer, 1933 (Morgan, 1943) , while increased B.S.P. retention has been demonstrated in rabbits injected intravenously with bacterial endotoxins derived from E. coli (Hirsch et al., 1964) . This explanation is not complete, however, as all our patients had pyrexia and it has been shown that fever itself may interfere with the excretion of B.S.P. (Hicks et al., 1948) . The effects of fever on the liver have also been demonstrated by the observation that jaundice may occur in association with artificial hyperthermia and heat stroke (Herman and Sullivan, 1959) .
In this study of patients with intrahepatic and extrahepatic sepsis we were unable to distinguish the two groups by comparison of standard liver-function tests. Serum vitamin-B12 levels, however, gave a clear-cut differentiation. High serum B1 levels have previously been described in a number of conditions in which there is liver-cell damage, including infective hepatitis (Rachmilewitz et al., 1956 ; Jones et al., 1957) , tumours involving the liver (Grossowicz et at., 1957), congestive cardiac failure (Rachmilewitz et al., 1959) , and abscesses involving either the liver or the subphrenic space (Holdsworth et al., 1964) . In the patients with septic conditions of the liver the raised serum B2 level might be due to increased granulopoiesis; for high serum B12 levels are found in patients with myeloproliferative disorders (Beard et al., 1954 ; Mollin and Ross, 1955) . However, the demonstration in our patients (Case 7, Tables IV and V, for instance) that the serum B12 concentration may be markedly elevated when the white-cell count is normal strongly suggests that the increase is due to breakdown of liver cells. Furthermore, very high B12 levels were not found in the patients with extrahepatic infections.
Though not diagnostic, the findings of an elevated serum B12 concentration in a patient with pyrexia of uncertain origin (Case 9, Tables IV and V, for example) may therefore prove helpful, indicating a hepatic cause for the fever; other hepatic function tests are less reliable and may simply be a reflection of bacterial infection elsewhere.
Summary
Ten cases of pyrexia of unknown origin are described. Abnormalities in liver-function tests without elevation of the serum bilirubin occurred in all patients irrespective of the site of infection. Serum levels of two or more of the following enzymes: alkaline phosphatase, 5-nucleotidase, transaminases, and isocitric dehydrogenase, were raised in six patients subsequently shown to have an infective process outside the liver. Histology of liver biopsies revealed a non-specific reactive hepatitis.
In the four patients proved to have intrahepatic infection the biochemical disorders were not in any way distinguishable from those with sepsis outside the liver. Thus abnormal liverfunction tests are unhelpful in the differential diagnosis of intrahepatic and extrahepatic infection.
Serum vitamin-B12 levels were raised in all four patients with intrahepatic infection but normal in those with non-specific reactive hepatitis.
We wish to thank consultant physicians and surgeons of Hammersmith Hospital for their ready co-operation in allowing us to study patients under their care. We thank Professor I. D. P. Wootton and his staff for the biochemical investigations. One of us (G. N.) is in receipt of a grant from Smith Kline and French Ltd.
